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ABSTRACT 
 
In the last years, a virtual environment of Argonauta research reactor, sited in the Instituto de Engenharia 
Nuclear (Brazil), has been developed. Such environment, called here Argonauta Virtual (AV), is a 3D model of 
the reactor hall, in which virtual people (avatar) can navigate. In AV, simulations of nuclear sources and doses 
are possible. In a recent work, a real time monitoring system (RTMS) was developed to provide (by means of 
Ethernet TCP/IP) the information of area detectors situated in the reactor hall. 
Extending the scope of AV, this work is intended to provide a continuous determination of gamma radiation 
dose in the reactor hall, based in several monitored parameters. To accomplish that a module based in artificial 
neural network (ANN) was developed. The ANN module is able to predict gamma radiation doses using as 
inputs: i) the avatar position (from virtual environment), ii) the reactor power (from RTMS) and iii) information 
of fixed area detectors (from RTMS). 
The ANN training data has been obtained by measurements of gamma radiation doses in a mesh of points, with 
previously defined positions, for different power levels. 
Through the use of ANN it is possible to estimate, in real time, the dose received by a person at any position in 
Argonauta reactor hall. Such approach allows tasks simulations and training of people inside the AV system, 
without exposing them to radiation effects. 
1.  INTRODUCTION 
 
In recent years concern about nuclear facilities safety has been increasing, for this reason, 
procedures and standards has developed in order to preserve the integrity of persons and 
premises. 
As exposure to radiation poses a risk to health, some rules should be followed. The ALARA 
principle low as reasonably (achievable) (ICRP publication 60, 1990), i.e. when it is 
necessary to exposure to radiation, this should be as low as reasonably feasible is an 
important standard for the guarantee of minimization of strength and secure compliance with 
the limits established for radiation dose (ICRP publication 60, 1990) guarantees the receipt is 
not harmful. Thus prior planning of activities to be performed in the area subject to radiation 
becomes crucial to ensure that safe dose limits received are respected. In this context, training 
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through computer simulations of the activities of workers can bring some advantages, 
including: (i) permitting the doses of radiation absorbed by workers; (ii) not expose workers 
to any level of radiation to the achievement of simulations and training, not presenting any 
risk to health; (iii) contributes to better planning of activities in these areas as doses, 
measuring and evaluating risks to health; (iv) allows already designed facilities simulations, 
but haven't built, complex composition, or which may be inaccessible due to restrictions, it is 
not feasible, inconvenience, etc. (Augusto, et al, 2007 e Mól et al., 2009). One way to 
perform computer simulations is through the use of virtual reality (VR) allowing preview of 
the environment through a three-dimensional representation with charts, and with a view 
first-person view, i.e. as if the user environment  “inside”. 
 
2. METHODOLOGY 
 
The methodology developed in this work aims to estimate the dose rate at some point a 
radioactive area and insert it into virtual environment modeled to represent this same area. 
For this purpose, divided the work into two distinct and complementary steps. The first of 
these is intended to determine an algorithm to estimate the dose rate at some point radioactive 
according to area of some known parameters, with the second part edit the virtual 
environment and insert this algorithm inside. 
 
3. APPLICATION 
The application of the methodology was made on the premises of Instituto de Engenharia 
Nuclear (IEN) in Argonauta research reactor, fig. 1. This installation was chosen since when 
the nuclear reactor placed in critical way, i.e. standard, we have in place radiation range and 
generating an outbound channel called J9. 
 
Figure 1.  Argonauta nuclear reactor – IEN/CNEN - Brazil  
 
3.1. Data acquisitions IEN's premises 
In the acquisition of data was used detector Geiger-Muller´s type, this detector was calibrated 
before. The following is the acquisition Walkthrough: 
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Step one: set a height of one metre as the time of acquisition of gamma radiation dose, since 
then, both men and women, many organs sensitive to radiation. For this adjustable tripods 
were used. 
 
Step two: in this step we have made a general survey of area in order to meet the most critical 
dose seats and thus separate lounge in sub areas and realized that front dose measure reactor 
was more significant, however, back and side dose was only a measure of background, not 
depending on the nuclear reactor. 
 
Step three: after total survey done, it was decided for separation into three broad areas. 
 
Step four: at this time we set the amount of points for each mesh in each area. In the mesh 
one, representing area one, fig. 2, was used a distance of one metre on the x-axis with three 
dots separated by this distance, and they, x = 0, x = 1 and x = 2, but due to the border with 
two area, the mesh was less spacing, having a distance of thirty-three centimeters on the x-
axis. On the y-axis to discretização was half a metre. 
Figure 2 – representation of the mesh lining in the area one 
 
In the mesh two, for area two, fig. 3, the discretização on the y-axis was half a metre and 
around the x-axis was discretizado spaced thirty-three centimetres, this distance is a lesser 
extent so as not to interfere physically as far as point beside thus a greater number of points in 
the area more variable. 
Figure 3 – representation of the mesh lining in the area two 
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In the mesh three, for area three, fig. 4, the x-axis spacing was made of one metre with three 
dots using this distance x = 8, x = 9 and x = 10, but by the border with two points less than 
eight, the spacing was thirty-three centimeters. In the y-coordinate space had half a metre. 
Figure 4 – representation of the mesh lining in the area three 
 
Step five: in this step were organized tables with the acquired data for each mesh. The table 
was organized so that we had a column for the x coordinate for ultra low power for y-
coordinate, with measures of dose of a fixed point and one last column to gamma radiation 
dose at installation. The detector only observed in dose varies with the power reactor. The 
chosen as input fixed point has been x = 5.33 and y = 1, because this is in the area more 
critical physical studied space. 
 
3.2. Interpolation of gamma radiation measures by RNA 
 
The artificial neural network training was done using an application named Neuroshell [Ward 
Systems Group, Inc]. 
The following are the steps in the training network: step one: in this step is a percentage of 
15% (45 points) of the table data area one, and 10% (30 points) for testing and 5% (15 points) 
for network validation. In the area two, the data was separate  manually, in order to have at 
least a measure for each power. With the separate data network can thus validate 
(implementation of the unknown data network). In the area three were separated 16% (40 
points) and 10% (26 points) for testing and 6% (14 points) for validation. 
 
Step two: in that step were chosen variables of inputs and outputs network. As inputs were 
put the power and ordered pair for all areas, however, in the area two added as fixed detector. 
As output there are only the variable dose. 
 
The following its shown the information of trainings per area: in the area one GRNN 
architecture was used, where was the first layer three neurônios. In the second layer were 
used two hundred and forty neurônios (representing 240 dots) and third layer was used only 
one neuron for dose values. 
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In the area two, GRNN architecture was used, where if you have set four neurônios in the 
first layer, one hundred and twenty neurônios (representing 120 points) for a second layer and 
a neuron in the third layer. 
 
In the area three GRNN architecture was used, where if you have set three neurônios for the 
input layer, two hundred and seventy neurônios (representing 270 dots) for a second layer 
and one for the third layer. 
 
RNA code generation of reactor Salon data 
 
After training, were generated three functions in c programming language (one for each area). 
In the area one, the prototype “ void Fire_Area1 (double * inArray, double *outArray), where 
inArray is an array with the number of positions than the number of network entries. 
inArray[0] being the position where you saved power value, the inArray[1] is the position 
where you saved the value of y-coordinate and inArray[2] is the position where you saved the 
value of the x coordinate. The vector outArray is responsible for saving the output values, and 
only one bin, outArray[0], where you saved the dose calculated by the function. 
 
In the area two, the prototype “ void Fire_Area2 (double * inArray, double *outArray) where 
inArray is an array with the number of positions than the number of network entries. 
inArray[0] being the position where you saved power value, the inArray[1] is the position 
where you saved the value of y-coordinate and inArray[2] is the position where you saved the 
value of x and inArray[3] is the position where you saved the value of the detector area. The 
vector outArray is responsible for saving the output values, and only one bin, outArray[0], 
where you saved the dose.  
 
In the area three, the prototype “ void Fire_Area3 (double * inArray, double *outArray)  just 
as in the area a inArray is an array with the number of positions than the number of network 
entries. inArray[0] being the position where you saved the inArray power value, inArray[1] is 
the position where you saved the value of y-coordinate and inArray [2] is the position where 
you saved the value of the x coordinate. The vector outArray is responsible for saving the 
output values, and only one bin, outArray[0], where you saved the dose. 
 
3.4. Area radiation monitor (MRA 7027) 
To perform real-time measures radiation detectors called MRA 7027, fig. 5, (Oliveira, et al 
1997, 2000) were installed in the room of reactor research placed at IEN. Together with 
probes Geiger-Muller you can monitor gamma radiation dose within the Argonauta lounge. 
 
Fig. 5 - MRA 7027 with probe Geiger-Müller. 
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The MRA 7027 has the ability to work on LAN connecting via RS-485, or via TCP/IP 
Protocol, monitored by a local software. The computer handles the communication of MRA 
in order to display the data on the screen or share them through the TCP/IP network to other 
computers. 
 
3.5. MRA 7027 networking with the Unreal engine 
 
To feed the RNA that is entered in unreal had to be a system that conected the data area 
detector, located at Argonauta reactor, to the code in unreal.  
 
It was developed a system that works across a network. In this system, two servers liabilities 
have communication just preditec systems and unreal, and then are interconnected by a third 
party system called “ man in the middle ” (MIM).  
 
The process MIM retrieves information from the first dose data (System) and feeds the 
second system with these data. The process MIM can reside in any one of the servers, or you 
can reside on a separate third computer, communicating with each other through a TCP/IP 
network. The process was created with the macro language (autoitscript AutoIt. 
com/AutoIt3/). All communication is performed through the HTTP protocol, version 1.1, 
described by RFC 2616 (Fielding et al., 1999). 
 
In Figure 6 is developed network scheme. The server that collects the data measured from 
preditec preditec is labeled “MRA Server”. The server running the first batch job uses the 
Apache software to publish this data on your network, with a module PHP5 to the dynamics 
of the processing of files, this is identified as " Apache server". The server unreal Engine2 
runtime uses an implementation of their own, the compiler UCC to rotate the game server 
developed by class "RVDoseWeb", This is identified as "Unreal server” (second process). 
Computers labelled "Unreal clientes" they are exploited by users who participate in a given 
simulation. The server running processo MIM is also shown.  
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Figure 6 – schema of communication between MRA and unreal. 
 
3.6. RNA code insertion in Unreal 
 
The codes containing the functions UnrealScript language was rewritten for integration into 
virtual reality Simulator unreal. It was generated a new class in the core game unreal. Each 
code, concerning the functions of each area 1, 2 and 3, was inserted in the area represented by 
the virtual plant. A background measure is inserted into the rest of the show. 
 
4. RESULTS 
 
The results will be presented in two distinct parts, primarily responsible for determining the 
dose, and, while the second part, the output for insertion of a code in unreal. 
 
In dose chart is displayed with the curve generated by RNA in a line of y-coordinate and a 
power reactor.   
 
As result of algorithm insertion, in a virtual ambient, will be shown a window called HUD 
that show the dose acumulated virtual person received. 
 
4.1. Results of determining dose 
 
In Fig. 7 is the chart, interpolated, measures to coordinate line y = 4 reactor power value of 
340 Watts and experimental measures. The closeness between the point and curve is a 
measure of the difference of experimental values for the interpolated values. Experimental 
data are in the form of points and the continuing series are interpolated measures through 
RNA. 
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Figure 7 – profile of the radiation dose rate for y = 4 and power reactor 340 Watts. 
 
4.2. Result of entering the code in the Unreal 
 
After you have inserted the code, is viewed in HUD, Figure 8, the dose received by avatar 
range for each position, power reactor and fixed detector. 
 
Figure 8 – dose preview window received total 
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5. CONCLUSIONS  
 
The principal goal for this dissertation was development of a system for predicting radiation 
doses for a virtual environment based on installation subject radiation, so that all information 
real environmental dose is inserted in real-time virtual environment. For this purpose, was 
adapted the core of the game unreal and made its actual installation connection through a 
computer network system, the radiation dose measures were estimated at continuous profile 
interpolated by artificial neural networks reaching the goal. 
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